In this contribution, we briefly discuss the results for charmonium and bottomonium spectra with self-energy corrections in the unquenched quark model, due to the coupling to the meson-meson continuum. The UQM formalism can be extended to include also the effects of hybrid mesons, i.e. hybrid loops. Finally, we discuss the results of a calculation of hybrid mesons spectrum in Coulomb Gauge QCD.
I. INTRODUCTION
The quark model can reproduce the behavior of observables such as the spectrum and the magnetic moments, but it neglects pair-creation (or continuum-coupling) effects. Above threshold, this coupling leads to strong decays; below threshold, it leads to virtual−components in the meson wave function and shifts of the physical mass with respect to the bare mass. The unquenching of the quark model for mesons is a way to take these components into account.
Pioneering work on the unquenching of meson quark models was done by Van Beveren, Dullemond and Rupp using a t-matrix approach [1, 2] , while Törnqvist and collaborators [3, 4] used their unitarized QM. These methods were used (with a few variations) by several authors to study the influence of the meson-meson continuum on meson observables. We mention, as an example, the study of the scalar meson nonet (a 0 , f 0 , etc.) of Ref. [2, 5] in which the loop contributions are given by the hadronic intermediate states that each meson can access. It is via these hadronic loops that the bare states become "dressed" and the hadronic loop contributions totally dominante the dynamics of the process. A very similar approach was developed by Pennington in Ref. [6] , in which the dynamical generation of the scalar mesons by initially inserting only one "bare seed", was investigated. The study of Ref. [7] demonstrates that the effects of thesea pairs in meson spectroscopy is simply a renormalization of the meson string tension. Eichten et al. explored the influence of the open-charm channels on the charmonium properties, using the Cornell coupledchannel model [8] to assess departures from the singlechannel potential-model expectations.
In this contribution, we discuss some of the latest applications of the UQM to the study of meson observables. Finally, we discuss the spectroscopy of hybrid mesons in Coulomb Gauge QCD.
II. UQM A. Formalism
In the unquenched quark model for mesons [9] [10] [11] [12] , the meson wave function is made up the valenceconfiguration plus a sum over the continuum components as
where T † stands for the 3 P 0 quark-antiquark paircreation operator [9] [10] [11] [12] , A is the meson, B and C represent the intermediate virtual mesons, E a , E b and E c are the corresponding energies, k and ℓ the relative radial momentum and orbital angular momentum between B and C and J = J b + J c + ℓ is the total angular momentum. It is worthwhile noting that in Refs. [9] [10] [11] [12] 14] , the constant pair-creation strength in the operator (1) was substituted with an effective one, to suppress unphysical heavy quark pair-creation.
In the UQM [9] [10] [11] [12] , the matrix elements of an observableÔ can be calculated as
where |ψ A is the state of Eq. (1). The result will receive a contribution from the valence part and one from the continuum component, which is absent in naive QM calculations.
B. cc and bb spectra with self-energy corrections in the UQM
In Refs. [9] [10] [11] [12] , the method was used to calculate the cc and bb spectra with self-energy corrections, due to continuum coupling effects. In the UQM, the physical mass of a meson,
is given by the sum of two terms: a bare energy, E a , calculated within a potential model [13] , and a self energy correction,
computed within the UQM formalism.
Our results for the self energies of charmonia [10, 12] and bottomonia [9, 11, 12] show that the pair-creation effects on the spectrum of heavy mesons are quite small. Specifically for charmonium and bottomonium states, they are of the order of 2 − 6% and 1%, respectively. The relative mass shifts, i.e. the difference between the self energies of two meson states, are in the order of a few tens of MeV. However, as QM's can predict the meson masses with relatively high precision in the heavy quark sector, even these corrections can become significant. These results are particularly interesting in the case of states close to an open-flavor decay threshold, like the X(3872) and χ b (3P ) mesons. For example, in our picture the X(3872) can be interpreted as a cc core, working as a "seed" [the χ c1 (2 3 P 1 )], plus the virtual meson-meson continuum. In Ref. [12] , we showed that the probability to find the X(3872) in its core or continuum components is approximately 45% and 55%, respectively.
C. Loops of hybrid mesons
The wave function of a meson can be written as
where |qq is the quark-antiquark component, |the tetraquark or molecular component and |qqg the quarkantiquark-gluon (hybrid) component. In the QM, conventional mesons are in general described by the |qq valence component. Nevertheless, there are also attempts to accommodate exotic states as |or |qqg states. In the QM formalism, |qq and |qqg mesons are described by the non relativistic Hamiltonian [15] 
where
is the potential describingmesons (ν = 0), the first hybrid surface (ν = 1), the second hybrid surface (ν = 2), and so on. The symbols ℓ and µ in Eq. (7) stand for the orbital angular momentum of the state and the reduced mass of thesystem, respectively. In the UQM formalism, the wave function of a meson can be written as the superposition of the components of Eq. (5). Up to now, we have considered in our calculations [9] [10] [11] [12] only the first two terms, |qq and |. They are the most important for ground state and lower-lying mesons, close to the first open-flavor decay thresholds. Nevertheless, at higher energies, the effects of ground state open-flavor meson loops, like DD or DD * in the cc sector (see Ref. [10] ), become less important. In the cc sector, the first hybrid ccg mesons lie at energies of 4.2 GeV, approximately. Thus, above 4 GeV, the introduction of hybrid loops could be crucial to understanding the higher lying mesons' structure and spectrum.
In the QM formalism, the coupling between a hybrid meson H and a quarkonium state Q is given by [16] 
where V is an interaction that annihilates the constituent gluon g. The coupling of Eq. (8) can be used to calculate the contribution of hybrid loops to the self-energy of higher-lying mesons [17] . 
III. HYBRID MESONS IN COULOMB GAUGE QCD
Hybrid states have been studied in several models [15, [18] [19] [20] [21] [22] , including lattice QCD calculations (for example, see Ref. [23] ). The most commonly studied hybrids are composed of a quark, an antiquark and a gluon. Particular interest has grown because of the recent discovery of several new states, in particular in the cc sector, probably including a hybrid resonance, the Y (4260), with 1 −− quantum numbers. This meson was discovered by BaBar in ISR production J/Ψπ + π − [24] and then confirmed by CLEO [25] and BELLE [26] . The observation of Y (4260) by ISR strongly suggests that it is a vector meson. In direct production, CLEO also observed the Y (4260) decaying into J/Ψπ 0 π 0 and J/ΨK + K − [27] . Although there may be not a large amount of data to allow an interpretation of the Y (4260) based on its decay properties, the present state of hadronic theory is not up to the task. Since no conventional charmonium vectors are expected at this mass, the Y (4260) may be dominantly a hybrid meson.
Conventional heavy quarkonia are well described by non-relativistic QCD, thus one can expect that hybrids containing heavy quarks can be treated similarly, considering gluonic excitations in presence of slow quarks. Moreover, in physical gauge, the dynamical gluons can be separated from the instantaneous Coulomb-type forces that act between color charges, thus while the nonabelian Coulomb potential is expected to be responsible for binding and confinement, the remaining, transverse gluon excitations could bring contribution to the spectrum.
In Refs. [28, 29] , hybrid mesons were studied in a variational approach to QCD in the Coulomb gauge. In this approach, a confining linear potential emerged from the Dyson-Schwinger equations, at least at the hadronic scale. In a first stage, this potential was used to calculate the spectrum of the gluelump, which is an idealized system defined as gluonic excitations bounded to a static, localized color octet source, such as, for example, a very heavy quark and antiquark [28] . The next step was to introduce the quark-antiquark dynamics to calculate the spectrum of heavy hybrid mesons [29] . See Figs. 1 and 2 , where the results are compared with data (where available) or lattice calculations.
It is worthwhile noting that the lowest mass charmonium hybrid multiplet was predicted to lie at an energy of 4.476 GeV and to be composed by states with J P C = 1 −− ; (0; 1; 2) −+ [29] ; the multiplet includes also an exotic state, with J P C = 1 −+ . This four state hybrid multiplet was also recently identified in lattice simulations [30] . In the bottomonium case, the lowest mass hybrid multiplet lies at an energy of 11.055 GeV and is composed, as in the case of ccg, by states with J P C = 1 −− , 0 −+ , 1 −+ and 2 −+ . The 1 −− state could be identified with the resonance Y b (10888) observed by Belle in e + e − annihilation [31] .
